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Dear Mr. Pankanin: 

This report gives the results of the analysis of five soil samples 
for polycyclic aromatic hydrocarbons (PAH) (hydrocarbons, azaarenes, and 
phenols). The samples were sent by the Region V Office of the U.S. Environ­
mental Protection Agency and were received and inventoried on December 1, 
1980. Copies of the chain-of-custody forms are enclosed. 

Presented in this report are a description of the analytical pro­
cedures, the results of the analyses, and conclusions and recommendations. 
Attached to this report are reconstructed ion chromatograms (RIC's) of samples 
and standards and extracted ion current plots (EICP's) of all the PAH priority 
pollutants found in the samples, as well as EICP's of the corresponding stan­
dard compounds. The EICP's of other compounds identified in the extracts 
of the samples are also included (Figures 1 through 59). 

I. Sample Preparation and Analysis 

The soil samples were air dried at room temperature overnight before 
being extracted for organic pollutants. The water content of the samples 
was determined separately by air-drying 5 g of each sample overnight at room 
temperature and then at 110®C for 3 hr. The moisture content is reported 
in Table 1. 

For extraction of the PAH compounds from the soil, 50 g of air-
dried soil sample was weighed into a glass jar having a Teflon-lined lid 
and then spiked with 250 |Jg each of the surrogate compounds. The surrogates t 
used for this purpose were decafluorobiphenyl and pentafluorophenol. A glass- • 
ball was added and the sample was placed on a roller mill for 4 hf. It was 
then transferred to the sample cup of Soxhlet apparatus and Soxhlet-extracted 
with about 200 ml of methanol for 16 hr. The methanol was then replaced 
with methylene chloride and the sample further Soxhlet-extracted for 16 hr. 
A glassware-solvent blank was run concurrently with the samples. 
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The methanol extract was' concentrated in a Kuderna-Dahish (KD) 
apparatus .to a volume of 5 to 8 ml and this volume was added to the methylene 
chloride extract. ...During this concentration step, Samples Nos. 1 and 3 formed 
a yellow, oily precipitate. .^This material was soluble in methylene chloride 
and these methanol concentrates were added to the corresponding methylene 
chloride extracts along with methylene chloride rinses of the KD apparatus. 

The methylene chloride solution was partitioned three times with 
100 ml of aqueous base (pH = 11). Then the aqueous solution was made acidic 
(pH = 2) and back-extracted three times with 100 ml of fresh methylene chlo­
ride. All the methylene chloride solutions were then combined, .dried with 
Na2S04 and reduced in volume in a KD apparatus. Samples Nos. 2, 4 and 5 
were .concentrated in a.-KD-.apparatus to about-, 5 ml and' then concent-rated.,fur-
"ithex - to .-a-.;fiiial;'.v,oi'ume-nf .a .ml-iai-.a-istream -of nitarogen..Bie -methylene -chlo­
ride solutions o'f-Samples Nos. -1 and 3 were reduced to -approximately 5 ml 
in a KD apparatus and then concentrated to less than 5 ml in a stream of 
nitrogen. The volume of this extract was adjusted to exactly 5 ml by addi­
tion of m.ethylene chloride. 

These solutions were analyzed by gas chromatography/mass spectrom­
etry (GC/MS). 

The GC/MS analyses were carried out with the following conditions. 

Column: 30 ft fused silica capillary, 0.25 mm I.D., SE-54 coating 

Temperature Program: 60®C for 2 min, then 4°C/min to 300®C, 
hold for 10 min. 

Injector Temperature: 225®C 

GC/MS Interface Temperature: 275°C 

Detector: Finnigan 4000 Mass Spectrometer with Incos 23 Data 
System. 

Two microliters each of Samples Nos. 2, 4 and 5 were analyzed under the 
GC conditions above, and these samples produced reconstructed ion chromato-
grams (RIC's) which generally did not present difficulties in interpretation. 
Howe-ver, Samples Nos. 1 and 3 gave RIC's with high backgrounds from unresolved 
high-mass impurities which interfered with identification and measurement 
of the peaks in the ion chromatograms. Chromatograms obtained after Samples 
Nos. 1 and 3 were diluted still showed an unacceptably high background. 
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Aliquots of the solutions of Samples Nos. 1 and 3 were fraction­
ated by ge.l-permeation chromatography (size^exclusion chromatography) but 
this cleanup-process did not sufficiently improve the chromatograms of Sam­
ples Nos. 1 and 3. These two samples were then carried through the Florisil 
cleanup as described below. 

A 1-ml aliquot of the methylene chloride soil extract was deposited 
on 1 g of Florisil and the methylene chloride was evaporated under a gentle 
stream of dry nitrogen. This Florisil was deposited on top of a prepared 
Florisil column (10 cm long x 2 cm diameter). The column was eluted succes­
sively with 100 ml of hexane, 100 ml of methylene-chloride, 50 ml of .1% meth­
anol in methylene chloride. The methylene chloride eluate was concentrated 

.in a KD apparatus to 1 ml wd then taken for reanalysis .by-/.GC/MS. The extracts 
'.wereMdiiuted -IfS .before.;the .GC/MS • analysis. 

;-These cleaned-up sample extracts produced interpretable ion chro­
matograms r' 

Results of the GC/MS analyses for polycyclic aromatic hydrocarbons 
are given in Table 2. 

Copies of the reconstructed ion chromatograms of the samples and 
extracted ion current plots of analytes in the standards and samples are 
presented in Figures 1 through 59. 

After completion of the analyses of the samples, one sample (No. 4) 
was spiked in duplicate with 5 ppm of PAH compounds and these spiked duplicates 
were analyzed as described above for Samples Nos. 2, 4 and 5. The results 
of this duplicate recovery determination are given in Table 3. As mentioned 
above, all samples were spiked with surrogate compounds. Recoveries of the 
surrogate compounds are given in Table 4. 

II. Results and Discussion 

' A. Results 

Some polycyclic aromatic hydrocarbons were found in all the sam­
ples, but Sample No. 4 contained only a trace (11 ng/g) of naphthalene and 
thus could be considered virtually free of PAH contamination. Only two PAH 
at low levels were found in Sample No. 2. These were naphthalene at 11 ng/g 
and dibenz[a,h]anthracene at 157 ng/g. Sample No. 3 contained five PAH; 
phenanthrene, fluorene, pyrene, chrysene and benzo[£,h,ilperylene (see Table 2)^:-
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Sample No. 1 was found to contain numerous PAH at the nanograms/gram 
level (acenaphthene, fluorene, phenanthrene, pyrene, chrysene, benzo[k]fluor-
anthene, dibenz[a,hjanthracene, benzo[g,h,ijperylene, acenaphthylene, naphthal­
ene, and benzo[ajpyrene) and also fluofanthene at the micrograms/ gram level 
(1,800 ng/g = 1.8 Mg/g) (see Table 2). Sample No. 1 also contained a compound 
tentatively identified from its mass spectrum as cyclobutanethiol. 

Sample No. 5 was found to contain numerous PAH at the nanogram/gram 
level (naphthalene, acenaphthene, acenaphthylene, fluorene, phenanthrene, 
fluoranthene, pyrene, chrysene, benzo[ajpyrene, benzo[kjfluoranthene, dibenz-
[a,h]anthracene, and benzoI^,h,i]perylene) (see Table .1). .This .sample also 
showed several identifiable non-PAH. peaks in the ion chromatogram of. the 
sao^le. We identified elemental sulfur (commonly found in soil.samples), 
-dibutylphtha-l ate; strlbntylpiiospfaatE and aameffayl/xarbazole ("the-specific 
isomer cannot .Tie .identi-fie'd). .-The"EICP's 'of these compounds "found in Sample 
No. 5 are enclosed (Figures 43 through 45). 

No phenolic compounds were detected in any of the soil samples. 
The methyl carbazole (undetermined isomer) found in Sample No. 5 was the 
only azaarene found in any of the samples. 

The results of the recovery of PAH during analysis of duplicate 
spiked samples of soil (Sample No. 4) as given in Table 3 are considered to 
be good recovery results for analysis of soil samples. 

Recoveries of the surrogate compounds which were added to all 
samples as described earlier are given in Table 4. They are at satisfactory 
levels except for those samples (Nos. 1 and 3) which were carried through 
the Florisil cleanup. We surmise that the surrogate compounds were not well 
recovered during this step. If this is so, then similar compounds, and spe­
cifically PAH compounds, may also have suffered from poor recovery during 
the Florisil cleanup step of Samples Nos. 1 and 3. The spiked samples for 
which recoveries of PAH analytes are good, were however not subjected to 
Florisil cleanup. 

B. Discussion 

During the analyses, we encountered two problems with Samples 
Nos. 1 and 3. The first problem was the interference in the mass spectra 
of these samples caused by unresolved substances giving a high background 
signal. This high background problem was solved by cleaning up the sample 
extracts as described. However, as noted above, the cleanup step may have 
resulted in diminished analyte recovery. 

The other problem occurred during the GC/MS analysis of Samples 
Nos. 1 and 3 (and to a lesser extent during the GC/MS analysis of Sample 
No. 5) using the 30-meter capillary column. It was observed that some ana­
lyte peaks in the ion chromatograms of these samples appeared to be doubled; 
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that .is, chromatographic peaks arising from the same compound appeared at 
two different^retention times in the same chromatogram. This phenomenon 
was not observed for peaks of analytes during chromatography of standard 
solutions. 

This doubling phenomenon has been observed by other workers using 
capillary columns in this and other laboratories. A completely satisfactory 
explanation has not been offered. The evidence indicates that it is an over­
loading phenomenon since the peak doubling can be diminished or eliminated 
by reducing the volume of the solution injected or diluting the sample solu­
tion or both. Both of these potential remedies reduce the sensitivity of 
"the method, -and reducing "the injection volume decreases the. reproducibility 
of the results as well. We diluted Sauries Nos. 1, .3 .and .5.^and continued 
.'to use ̂ ^dnjectdon volnme of-2 ,+J1. 

In Samples Nos. 2 and 4 and spiked Sample No. 4 we were able to 
obtain chromatograms without peak doubling. In chromatograms of Sample 
Nos. 1, 3 and 5 some peaks of analytes were doubled even after diluting the 
sample. These peaks were measured for quantitation by measuring both peaks 
of a doublet and adding their peak heights, provided that height of the 
smaller peak was 25% or more of the height of the larger peak. If the height 
of the smaller peak was less than 25% of the height of the larger peak it 
was disregarded. 

Ill. Summary and Conclusion 

The soil samples received for analysis contained varying amounts 
of PAH ranging from low levels for Sample No. 4 (one PAH at the 10 ng/g level) 
to rather high levels for Samples Nos. 1 and 5. No priority pollutant phenols 
were found in any of the samples. Only Sample No. 5 was found to contain 
any azaarene. In this case an unspecified isomer of methyl carbazole was 
identified. 

Recoveries of the polycyclic aromatic compounds spiked into Sample 
No. 4 are considered good. Recoveries of the two surrogate compounds penta-
fluorophenol and decafluorophenyl spiked into all the samples are acceptable 
except for Samples Nos. I and 3. 

Samples Nos. 1 and 3 were carried through a gel permeation cleanup 
and a florisil cleanup which were not applied to Samples Nos. 2, 4 and 5. 
Our experience with extracts of many samples analyzed for PAH and phenols 
has_ shown that they pass through gel permeation cleanups with good recovery. 
Therefore, we concluse that the loss of the surrogate took place during the 
florisil cleanup. 

The low recoveries of the surrogate compounds in Samples Nos. 1 
and 3 implies that quantitative recovery for other compounds may be low and 
these values should be regarded as minimums. 
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If you have any questions concerning these results, please do not 
hesitate to call us. i-

— 

Sincerely yours, 

MIDWEST RESEARCH INSTITUTE 

Evelyn E. Conrad 
Associate Chemist 

Approved: 

James L. Spigarelli, Director 
Analytical Chemistry Department 

Earl n. Hai 
Head, Engineering Support. 

Analysis Section 



TABI£ 1. MOISTURE CONTENT OF SAMPLES, PERCENT 

Sample No. % Moisture 

1 7.7 

3 5.5 

4 7.7 

5 9.4 



TABLE 2. RESULTS OF THE ANALYSIS OF THE ST. LOUIS PARK 
SOIL SAMPLES FOR POLYCYCLIC AROMATIC COMPOUNDS (PAH) 

Compound Concentration, ng/g 

•Sample No. 1 
Naphthalene 14 
Acenaphthylene 900 
Acenaphthene 23 
Fluorene 77 
Phenanthrene 500 
Fluoranthene 1,800 
Pyrene 500 
Chrysene 190 
.Benzo.[k.] fluoranthene 300 
DibenzXa,h]anthracene 95 
Benzo[ajpyrene 270 

.:{BenzoIb.,h,i]peTylene .180 

Sample No. 2 
Naphthalene 11 
Dibenz[a,h]anthracene 157 

Sample No. 3 
Phenanthrene 70 
Fluoranthene 620 
Pyrene 160 
Chrysene 220 
Benzo[g,h,i]perylene 34 

Sample No. 4 
Naphthalene 11 

Sample No. 5 
Naphthalene 88 
Acenaphthylene 16 
Acenaphthene 7 
Fluorene 9 
Phenanthrene 200 
Fluoranthene 550 
Pyrene 600 
Chrysene 630 
Benzo[a]pyrene 690 
Benzo[k]fluoranthene 480 
DibenzTa,hlanthracene 350 _ . 
Benzo[g,h,i]perylene _i-230. 



TABLE 3. PERCENT RECOVERY OF POLYCYCLIC AROMATIC COMPOUNDS 
FROM DUPLICATE SPIKED SAMPLES 

Sample No. 4, - -Sample No. 4, 
Compound Sample No. 1 Sample No. 2 

Naphthalene 40 60 
Acenaphthene 43 56 
Acenaphthylene 54 69 
Fluorene 39 57 
Phenanthrene 50 63 
Fluoranthene 50 59 
Pyrene 46 58 
Chrysene 50 64 
Benzo[a]pyrene 90 100 
Benzoik]fluoranthene 90 90 

... Dib.pnzTa,h]anthracene .71 93 
-^Benzo;(:g,,h'.ii^perylene "11 95 
Carbazole 47 60 
Indole 41 57 
Quinoline 51 70 
Acridine 48 62 
Phenol 85 77 
2,4-Dimethylphenol 8 10 
2,4,6-Trichlorophenol 60 64 
Cresol 54 66 



o 

TABLE 4. PERCENT RECOVERY OF SURROGATE COMPOUNDS 
ADDED TO SAMPLES AT 5 Mg/g 

Sample No. Decafluorobiphenyl _ Pentafluorophenol 

O 

Blank 39 64 

No. 1 < 1 0 

No. 2 29 56 -

No. 3 2 0 

No. 4 23 57 

No. 5 51 65 

-.No. -.4 iSpike-No. ,1 .A8 .120 

No. 4 Spike No. 2 59 lio 
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T '' 

lee.e 

50.0 r 

88 

ll/E 

iiAss spccmuii 
Vimm 13:17:00 41:12 
SAIIPLE: 01 ST. LOUIS AFTEO FLOBiSIL 1/5 OIL 2UL itIJ 
EiaiAtiCED (S 15B 211 OT) 

202 

Fluoranthene 

DATA: •I468D08S1 01251 
CALI: CAIB06IIE 02 

BASE il/E: 202 
niC: 26976. 

IQl 

too 
-i—1-" • —r 

2(50 250 

1 
I 
I 
•I f 

' I 

I 

10112. 

• • "rt, 
Figure 17 - Fluoranthene In Sample 



m.9 

50.0-

I 3 

191 

06 

n/E 

l?1 

IIASS SPECTnUII 
02/06/81 13:17:00 + 49:16 
SAMPLE: 01 ST. LOUIS AFTER FLDRISIL 1/5 DIL 2UL IIIJ 
EiniAIICED IS 15B 211 OT) 

228 

ChrysenG 

DATA: 4468B08S4 II1478 
CALlCALBOGIIE 112 

BASE ll/E: 228 
niC: 4944. 

146 
175 

100 
-r"' I |-^ 

ISO 

255 2!84 

272 

21.' 
I ^ A • T"^ J" "T ""T 

250 

305 

3 9 

331 346 

380 
T~ 

350 

Figure 18 - Chrysene in Sample No. i 



lea.o 

50.0-

1 

IIASS SPECTRUII 
92/06/81 13:17:00 + 55:16 
SAIIPLE: B1 ST. LOUIS AFTER FLORISIL 1/5 DIL 2UL ItU 
BSHAHCED (S 15B 211 OT) 

DATA: 446880651 V1G50 
CALI: CALDOBIIE 112 

Benzo[k]'fluorantliene 

rry" 
ll/E . 60 

100.0 T 252 

50.0 

i 
268 

282 

n/E 260 288 

26 

I 3 

rrjr-

120 

I 

161 

T 
160 

"-p 
100 

378 

349 

"T" 
320 

339 

310 360 300 

BASE ll/E: 252 
RIC: 7656. 

5 

2 9 

220 

z 

T" 
420 

"T 
440 

1798. 

179 

• • "ti, Figure 19 - Benzo:[k]:fluoranthene in Sample tio. 1 



iiAss spncTnuit 
02/06/81 13;17:89 + 56:30 
SAIIPLE; B1 ST. LOUIS AFTER FLORISIL i/5 OIL 2UL ItU 
EiniAIICED (S i5B 2H OTI 

134 

DATA: 4l68Be6S4 01699 
CALl! CALDOGIIE R2 

BASE il/E: 134 
RIC: 11712.; 

Figure 20 - Benzo[a]pyrene in Sample No. 1 



55 

IIASS SFECTnUII 
02/66/01 13;17:00 + 62s28 
SAIIPLE: III ST. LOUIS AFTER FLORISIL 1/5 OIL 2UL IIU 
EIIIIAilCED IS I5D 211 OT) 

DATA; 446860654 II1874 
CALI; CALD06 IE 112 

BASE ll/E: 55 
RIC; 12272. 

50.0-

50.0-

Dlbenz [£,h]anthracene 

05 

T 15 

' ' 4i0 ' ' ' 450 ' 

Flgure^^ - Dlbenz'[la,h]ianthracene In Sajj^e No. 1 

1319, 

tJP 



F-

HASS SPfcCfRUII 
02/06/01 13:17:00 + 63:20 
SAilPLE: B1 ST. LOUIS AFTER FLORISIL 1/5 DIL 2UL llkJ 
BitiAIICED (S I5B 2N OT) 

DATA: 4468B06S4 111901 
CALl: CALbieilE H2 

BASE ll/E: 276 
RIC: 6936. 

,, ll/E m 

Figure 22 - Benzo[^,li,jL]perylene in Sample No. 1 



II If ff.vri,. 

iM.e 

50.0-

n/E 

MASS SrECTllUII 
01/26/81 15:36:00 14:56 
SAMPLE: 02 ST. LOUIS 2UL IIU. 
ElOIAMCED (S 15B 2N 0T» 

Naphthalene 

51 

49 
55 

63 71 

60 
'' •' • • I 

70 

DATA; 4468A2^sbjiilD 
CALI: GALA26MI 117 

97 

rrpr-, 

98 

BASE ll/E: 128 
RIC; 15824. 

110 
-rrrn 
120 

1?8 _ 

130 

Fj^pre 23 - Naphthalene in Sample 2 



iM.e 

50.0-
I 

ll/E 

IMSS SPtCTUUII 
01/26/OJ 15:36:00 + 62:16 
SAIIPLE: It2 ST. LOUIS 2UL INJ. 
EIIIIAMCOD (S I5B 2M 01 > 

Dlbenz[a,hI anthracene 

108 

X 
iliT 

139 

125 

150 

DATA: 4468A26Se 111883 
CALI; CALA26IIE fl? 

BASE ll/E: 278 
RIC: 52608. 

278 i 

V 
) 
I 
<1 

ii 
II 

I ' I ' ' ' ' I 
250 

• • <r:, Figure 24 - Dlbenz[^,_h]anthracene In Sample No. 2 

..Jm 



' T- Y 

' 100.0 

I 
! 

50.0 

75 

iiAss Sficrnuii 
02/08/01 lit;06;00 * 33:12 
SAIIPLL: 03 ST. LOUIS AFTER FLORISIL 1/5 DIL 2UL IIIJ 
ElOIAIiCED (S 15B 211 0T> 

Phenanthreiie 

09 

105 

I • • ' • r '^ 
' tl/E 00 120 

i-i-t-i-r 

DATA; 4160BC8S3 0096 
CALI; CALBOCIIE Il2 

170 

150 

-"T-
m 

r-
160 

las 

BASE ll/E: 170 
RIC; 4120. 

207 

too 

224 ' 

2 3 

'«-••• • • I' 
220 

228 

• . ir;, 
Figure 25 - Phenanthrene in Sample.No. 3 

o . o 



188.0-1 

50,0-

51 

iiASS sPEcrnuii 
82/86/81 ll:06i00 + 40:22 
SAIIPLE: 83 ST. LOUIS AFTER FLORISIL 1/5 OIL 2UL IIIJ 
ENUAtlCED (S I5B 211 OTI 

DATA: 4468066S3 8(211 
CAI.I: CALDOGIIE 82 

BASE n/E: 282 
RIC: 13156. 

Pyrene 

68 

T 
74 

ULPT 
n/E 

191 

99 
1Q7 

liSe 

115 

125 

1-9 

159 

202 

TTJ.,.! 
150 280 

207 
222 

25i 

•' • I 
258 

2138. 

• I 

ftri ..I.TJ 

Figure 26 - Pyrene in Sample No. 3 



100.0 

50.0-

nAss sPECTnuii 
02/06/81 11:06:00 + 41:38 
SAIIPLE: B3 ST. LOUIS AFTEH FLORISIL 1/5 OIL 2UL ItU 
BIIIAIICED (S 15B 211 OT) 

Fluoranthene 

101 

n/E 50 

ll 1 

LT 
no 150 

DATA: 4-168DC6S3 111219 
CALI: CALDOatlE 112 

202 

,74 188 

T. ,V, .1,1.1 

BASE ll/E: 202 
niC: 19904. 

58ML 

250 

Figure 27 - Fluoranthene in Sample No. 3 



100.0 

50.0-

IL/E 
100.0-I 

50.0-

IIASS SPECTnUII 
02/06/01 M;06;00 + 49:16 
SAIIPLE: 03 ST. LOUIS AFTER FLORISIL i/5 OIL 2UL IHJ 
eaiAtiCED (S 15B 211 0Ti) 

1?4 

Chryaene 

DATA: 4460De0S3 01478 
CALl I CALBOGIIE 112 

60 

M/E 260 

92 

y 
T-
80 

280 

4 

T rrr" 
120 

>45 

140 
"T" 
160 

3!JE ' I • • • • I 
180 

323 342 

"7 
320 

r 
340 

i»Vn 
360 

r^-rr 

389 

BASE WE: 134 
RIC: 15984. 

228 

"T'" 
220 

rryr, 

420 

"1 
2^0 

I 

} 
I 
I 

"T 
440 

• • ii,. 

Fi^re 28 - Chrysene In Sample No. 



50.0-

IIASS SPECtnuil 
02/06/81 11:08:00 + 63:21 
SAIIPLE: 03 ST. LOUIS AFTER. FLORISIL 1/5 OIL 2UL IIIJ 
EIIIIAIiCED (S 15B 211 0T» 

i'yj 

DATA: 4468BCds:i"jil902 
CALI: CALBOGIIE Il2 

BASE ll/E: 133 
RIC: 4272. 

308. 

Figure Benzo[£,h^,^]iperylene in Samp^^b. 3 



im.e 

50.0-

ll/E 

ilWO-J OPEllTKUII 
91^26/01 13:06:00 ^ 11:56 
SAIII'LE: U1 •>]. iniJI<; 2UL lill. 
EHIIAMCFD {'i ir>n Jll OT) 

D\T\: 116CA2i/;5'iiM0 
CALI: CAI.A2CIIE 11/ 

Naphthalene 

•// 
67 

I •—r"»-r|-^ • T-r-| •'i—• r-|—i- i-i-| r • i i |*i |—i F'T'TT r « r r i-i i » i •[ i- • -| 

160 I CO 70 »0 90 <6 

BASE II E: I2R 
nir: 129JC. 

I?0 •itL 

r.!u 110 

Figure 30 - Naphthalene in Sample No. 4 



J i if 'ff'1 

leo.o 

50.0-1 

n/E 

I ' I 

lUSS SPECTDini 
02/06/81 11:31:00 ^ 11:32 
SAMPLE: 115 ST. lOUIS 1/5 OIL 2UL ItlJ 
DIIIAMCED (S 15B 2H OT) 

Naphthalene 

57 

63 

58 
'•"•I '• 

60 

75 
77 

67 

70 

79 85 

T" 
CO 

DATA: 1468D0^„fl^36 
CAIil: CALBOeilE tt2 

192 

T" 
90 

T JU 
109 

105 

BASE M/E: 128 
RIC: 13988. 

1?8 

no 120 130 

4381. 

Figure 31 - Naphthalene in Sample No 



iw.e-

50.0-

03 

n/E 

IIASS SFECTnUII 
02/06/81 M;3l:0e-+ 23:30 
SAtlPLE: rS ST. LOUIS 1/5 DIL 2UL IIU 
BIIIAIICED (S 15B 211 0T» 

Acenaphthylene 

76 

05 

01 

70 80 
n 
00 

DATA: 4468B08S5 0705 
CAUi; CALBOeilE 82 

19 

BASE ll/E: 152 
RIC: 4024. 

1$2 

110 
r" 

120 130 140 150 

1574. 

• • ^t.^. 
Figure 32 - Acenaphthylene In Sample No. 5 



leo.o 

50.0-

HASS srECTDuii 
02/06/81 IliOhOO * 24:38 
SAIIPLE: B5 ST. LOUIS 1/5 OIL 2UL IIU 
EiniAKCED IS I5B 2N 0T> 

AcenaphChenc 

77 

91 

84 

T-rl-r^p 1-1-f- TT-Tf-I 

97 

DATA: 446888685 il739 
CALl: CALDOeilE 112 

iio ^ 

'I 
BASE ll/E; 119 
RIC: 1744. 

11 

' ]; 
< 

140 

153 

ll/E 
T" 
60 88 120 

• • <ri, 

Figure - Acenaphthene in Sample No. 



ioe.0-1 

50.0-

n/E 

lUSS SPECTRUII 
02/06/81 H;3i:0O + 27:40 
SAIIPLE: ns ST. LOUIS 1/5 DIL 2UL IIIJ 
EiniAtlCED (S I5B 211 0T> 

Fluorene 

46 

69 

70 

02 

07 

T 
80 

DMA: 4468B06S5 0838 
CALI: CALBOBIIE 02 

120 140 

BASE 165 
RIC: 1176. 

165 j 

•I • • ' 
160 

UK 
1 ; 

Figure 34 - Fluorene in Sample No. 5 



lee.e^ 

50.0-

m 

IIASS SFECTRUII 
92mm i4;3i;eo + 33-.le 
SAtlPLE: 05 ST. LUUIS i/5 DIl 2UL ItlJ 
BIIIAttCED (S 15B 211 01) 

Phenantlireiie 

50 

61 7 

G8 

DATA; 4460B06S5;;il9g8 
CALI: CALD06IIE h 

BASE ll/E: 178 
niC: 203S4. 

160 

'78 ! 

j 

0B32flL 

'i 
!i 

18!) 

Figure.35 - Phenanthrene In Sample No. 5 



50.0-

tt/E 

tuss srECTnuii 
02/06/81 11:31:00 + 10:26 
SAIIPLE: 85 ST. LOUIS 1/5 OIL 2UL ItU 
EiniAtlCED IS 15D 211 0T) 

Pyrene 

88 

50 fi? 
. 75 

1 
60 

101 

-J. 
80 

< 
DATA; 1168B%S5,iil2l3 
CALl': CALBOOliE Il2 

150 

IbO 120 

'f. Ill 

BASE ll/E; 202 
BIG: 20698. 

202 

i74 

110 IGO ISO 209 

Figure 36 - Pyrene in Sample No.. 5 



100.0-1 

50L0-

WE 

MASS SHECTnUII 
02/'06/8I 11:31:00 + 11:10 
SAIiPlE: 05 ST. LOUIS 1/5 DIL 2UL lilJ 
EiniAllCED (S 150 211 OT) 

Fluorantliene 

50 
i 

Lr 

63 
50 

GO 

75 

101 

00 

80 

DATA: IICODOGSS 01250 
CALl: aLDOGIIE 02 

135 1$P 

l':0 120 110 ino 

DASE ll/E: 292 
MC: 256C0. 

202 

260 

7660, 

• • 'r,. Figure 37 - Fluoranthene In Sample No. 5 



100.0n 

50.0-

luss srECTnuii 
02/06/81 14:31:00 + 49:16 
SAIiriE: H5 ST. LOUIS 1/5 DIL 2UL IHJ 
EKIIAIICED IS I5B 211 01) 

Cliryse:ic 

DATA; 44b8B06S5 111470 
CALI: CALB06IIE 112 

BASE ll/E:. 228 
RIC: >12781. 

228 

. I 

I ' 

•3726. 

i> 2i 0 220 ^10 

i gure 38 - Chrysene in Sample Nq^5 



•tyr It 'I , f -^1 

im.O-r 

50.0,-

51 

IIASS SPECTRUII 
02/00/81 11:31:00 + 55:14, 
SAIIPLE: 05 ST. LOUIS 1/5 OIL 2UL illJ 
ENIIAIICED (S 150 2H OT) 

Betizo(k)f luorantliciie 

M/E 

126 

I 3; 

07 191 

m T 

DATA: 4468006^. ttlC57 
CALl: CALB06IIE 112 

BASE It/E: 252 
RIC: 14301. 

252 

104 

lOo 
T 
158 

190 2i 
224 ' 

oAo 
m 

250 

3768. 

Figure 39 - Benzo:[!kl'fluoranthene in .Sample Mdi. 5 



180.0-

50.0-

40 

N/E 
-I—-
50 

iiAss srECTnmi 
02^4)6/81 M!3t:C0 + 56;50 
SAIIPLE; fl5 ST. LOUIS 1/5 OIL 2UL liU 
DillAHCED (S I5B 211 OTI 

Benco[a]pyrene 

87 

126 

I 3 

x 
191 

J21 

DATA: 4468B08S5 111705 
CALI.! CALBaCIIE 112 

200 
168 

100 
1 ' I • 

150 

m 108 

20O 

2G8 

BASE ll/E: 252 
RIG: 12352. 

252 

T i '• "I • 
250 

I ; 

li 

I! 

328K. 

• • "ri, Figure 40 - Benzof^Jpyrene in Sample No. 5 



• ,«».0n 

50.0-

MASS sPLCinmi 
02/06/81 >14:31:00 + 62:22 
SAIIPLE: H5 ST. LOUIS 1/5 >811 2UL IIU 
BIIIAIiCEn (S 150 211 Oil) 

Dlbenz M anthrdccne 

55 

69 

46 

ll/E 
~r 
50 

DATA: 4460B08S5 III871 
CALl: CALDOeilE D2 

DASE It^: 278 
DIG: 31200. 

2?8,: 2744. 

41 - Dlbenz|[a,h]anthracene j^^^ample No, 5 



— '-f --rr--" r* ̂  

lee.e-i 

50.0 

n/E 

57 

itAss srLcmuii 
02/06/81 11:31:00 + 63:20 
SAIIPLE: 05 ST. LOUIS 1/5 DIL 2UL IIIJ 
ElfllAHCI-D (S 15B 211 OTI 

Benzo [£,, lit 1) per ylene 

83 

71 

66 

97 

1' 1 

138 

152 

145 

100 
-1 
150 

DMA: 
CALl: CAI 

207 

159' 193 
170 I?1 

* 
2I!I0 

111900 
112 

BASE ll/E; 276 
RIC: 12818. 

236 248 

^2>1 
255; 

250 

276 ! I8H: 

u 
• • iri, Figure 42 - Benzo,[^,Jh,J.]perylene in Sample No. 5 



'•5.0 n 

50.0-

ll/E 

IIASS SPECllUni 
OI/20/C1 16:53:00+ 5:16 
SAIiriE: ns ST. LOUIS 2UL IIM. 
BUIAIiCED (S I5P J:I Oil 

74 93 100 

69 

62 
55 82 . 

88 

9/ 

69 

DATA: 4468A26S7;iM50 
CAII: CAU26UE.I17 

138 

105 1 132 

109 

. t 

i$i 

if/> 

BASE ll/E: 101 
niC: 491000. 

101 

162 

120 140 160 100 

119808. 

• • 'ri. 'Figure 43 - A Methyl Carbazole in Sample No. 5 



leo.e-i 

50.0-

57 

MASS SPECTRUM 
01/26/Cl 16:59:00 + 29:52 
SAMPLE: lis ST. LOUIS 2UL IMJ. 
EiniAtlCED (S I5B 211 OT) 

99 

71 

^ll I ,.|i .Tjl-1—I-T* 1 "I • 1" I • I' I I'I'lT* . 

60 00 M/E 

91 IUB r 
120 

137 

DATA: 44CCA26S7 11096 
CALI: CALA26IIE 117 

155 

' I ' ' " • f 
140 

4i| 
160 

101 

BASE M/E: 99 
RIG: 254164. 

^0 21I0 

n 102400. 

2 I 

• • <t.<, 
Figure 44 - Tributylphosphate in Sample No. 5 ^1^1 



•.lO.O-

50.0-

IIASS 5rEC1IIUII 
01/26/31 I6:59;fl0 ^ 30:06 
SAIIPLE: U5 ST. lOUIS 2IJI ItlJ. 

99.0 

57.1 

DATA: •1I63A2GS/ lliibj 
CAI l>: '(:AI.A26lin 117 

DASL' II El 99 
niC: 661501. 

305664. 

•155. 

125.0 

ll/E 

0, •« ''' 
1 I • ill I • • • lij'i-i-i-i-T '-'l l-r-p-r-liil-T-i-t-rY'^T-

60 00 100 1.20 140 ICO IflO 

21 .1 

.-r-n-|i(-r-i-

•. ir,. Figure 45 - Tributylphosphate from Computer Library 

o o 



E;--rf3Mr,^,-7V"" •="1-

10».0-n 

50.n-

h/E 

MASS SPECTIiUII 
01/26/81 10;24;00 + 14:56 
SAMPLE: PMA t C.T. BASES STD. 2UL IIM. 
eaiAliCED (S 15D 211 OT) 

'Naphthalene 

51 

50 

61 

60 

75 

70 

87 

DATA: 4468A26S3 11118 
CALI; CALA26IIE H7 

102 

SO ll0 110 

BASE ll/E: 128 
RIC: 514768. 

126 

?® ij- 226010. 

T++A-»-T 
130 

• • «»i, 

Figure 46 - Naphthalene in Standard (1/2&/81) 



leo.o-

59:Q 

n/u 

MASS srEcinuii' 
02/08/01 9:03:00 + 14:22 
SAMPLE: Btr AMD COAL TAB STD 4CtlG 2UL lllj 
BOIAMCED (S 15B 211 OT) 

NapliLlml'enc 

51 

50 

61 

75 

- -| — - - -
CO ^ 00 

DATA: 4468B86S1 11131 
CALI: CALBeehE 112 

192 

108 Mo 

BASE ll/E: 128 
BIG: 233720. 

120 ' 

120 

r 92032. 

no 

Flgur^^j^ - Naphthalene In Standard (2/|^l) 



100. On 

59.0-

ll/E 

iiAss srL'criiuii 
02/C6/O1 9;03;C0 t- 23:26 
SAMPLE: DM AMD COAL TAR STD 4GIIG 2UL IIU 
Ei:ilAtlCED (S 150 2M Of) 

Acenaphthylene 

50 

C3 

55 1 

76 

65 . 71, 

60 

DATA: HSOBGiyJI I/O) 
CALL: CALB06IIE 112 

i 07 SO 

no leo 120 

i2B 

BASE M/E: 15> 
DIG: 2311^1. 

152 

r-r-j-r 

89680. 

'ti. 
Figure 48 - Acenaphthylene in Standard (2/6/'81) 



ioo.e-1 

50.0-

ll/E 

IIASS SPECTRUII 
02/06/81 9:03:00 + 21:31 
SMIPLE: Btl AIID COAL TAR STD lOilC 2UL IIIJ 
ENIIAtlCEC (S 15D 211 0T> 

AcenaphCliene 

63 

51 

67. 

7G 

80 

98 

ICO 

DATA: 446800681: U737 
CALL: CALBOGIIE 112 

BASE ll/E: 153 
RIC: 308736. 

153 

126 

• .'??,l|l| . • ; i !?? 
120 

r 
140 

• • I, Figure 49 - Acenaphthene in Standard (2/6/81) 



lee.o-

50.0 

ll/E 

IIASS SrECTRUil 
02/06/81 9-.03:00 + 27:31 
SAIIPLE: Btl AtlD COAL TAR STO 4CiiG 2UL ItlJ 
ENilAtiCED (S I5B 211 01) 

Fluorene 

02 

09 

03 

I 74 

uiljl 
CO 

.-p 
89 

I' ' 

87 u 
1 5 

100 

DATA: 4468BeGSlJld27 
CALI: CALB06IIE it2 

120 

139 

-41 
140 

BASE ll/E: 186 
RIG: 187136. 

106 

4 
160 IftO 

Figure 50 - Fluorene in Standard (2/6/81) 



lOD.e-

50.0-

n/E 

IIASS SPECTIlUil 
K/CG/Oi O.OJsCd ^ 33:12 
SAIiriE: Bll Alio COAL TAII STD 40I!C 2UL IIIJ 
Ei::iAi:CED (S I5B 2il OD 

PhenanLhrene 

76 

GJ 

nr 
GO 

69 
-.-l-

09 

79 J 
00 

\U-y-

DATA: I-IGODOGIM tlOSG 
CALI; CALBeCliE 112 

152 

•I' I. S-,-^HJU|-

BASE ll/E: 170 
RIC: 299376. 

120 140 ! 160 
-m. 

100 

S72BB 

•! 
. 1 

«. 11^. Figure 51 - .Phenanthrene in Standard (2/j678i) 



iee.e-1 

50.0-

ll/E 

IIASS SPECTP-Uil 
02/C8/8i 9:03tCO + 19:22 
SAMPLE: Btl AMD COAL TAR STD IGIIG 2UL ItU 
EliMAIiCED (S 15B 2n Oil 

Pyrene 

08 

75 

60 80 

DATA: 1468Be6Sl^ni2ll 
CALI: aLBOGME Il2 

BASE M/0: 202 
DIG: 167GC9. 

202 r 66320. 

' i 

Flgi^ 52 - Pyrene In Standard (2/6/8^ 



loe.e 

50.0 

tiAss srLCTnuii 
02/08/01 9:03:00 + 41:36 
SAIirUE: Bll Alio COAL TAR STD 40KG 2UL IliJ 
ElOlAtiCED (S I5B 211 OT) 

FluoranCheno 

ll/E 

! 46 |i 57 .ll. I li. 81 .1 
• I" • 1 I I 1 I » I I I i"i"r I r • I T 

GO CO 

DATA: 4 , 
CALI: CALBOGtll 

11210 BASE ll/E: 2'J2 
RIG: 20377G. 

202 

158 »?•' I 

140 160 188 2 

89243. 

Figure 53 -• Fluoranthene In Standard (2/6/81) 



lee.e 

50.0-

ll/E 

IIASS SPLCTItUII. 
02/CG/81 a:O3:C0 f lOiH 
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